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aegyptiaca, Pterocles alchata caudacutus and Passer domesticus niloticus, have been described.
The requested characters for true cranial ribs are determined. The probable assumption that cranial
ribs are developed in all birds is suggested, but because of their rapid regression several successive
young stages are needed for their identiﬁcation. The present ﬁnding invalidates De Beers &
Barrington’s and Slaby’s theory that the metotic cartilage in birds originates from the cranial ribs.
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Figure 1 Transverse section passing through the hind region of
the basal plate of the 31 mm total body length embryo of Passer
domesticus niloticus.
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One of the problems presented by the bird’s skull, and which
the authors have attempted to investigate, is whether or not
true cranial ribs are formed during craniogenesis, and what
is their fate if any are formed. In the avian literature, the rec-
ognition of these ribs during craniogenesis is a subject of much
controversy. Some authors admit their presence e.g. Susckhin
(1899), De Beer and Barrington (1934), Crompton (1953),
Engelbrecht (1958), Mokhtar (1975), while others e.g. Lutz
(1942), Mu¨ller (1961), Macke (1969), Abu-Taira (1996a,b),
Abd El-Hady (2008a–c) and El-Shikha (2011) deny completely
their existence. Again, within the different birds in which cra-
nial ribs have been encountered, contradictory interpretations
about their exact nature are met with. It seems that there is a
need for caution when settling a legitimate identiﬁcation for
such ribs.
Materials and methods
Streptopelia senegalensis aegyptiaca embryos 25 mm,
26 mm, 26.8 mm, 28 mm, 29.5 mm, 31 mm, 33 mm,
36 mm, and 40 mm total body length.
Pterocles alchata caudacutus embryos 25 mm, 27 mm,
29 mm, 31 mm, 34.5 mm & 37 mm total body length. Both
birds belong to order Columbiformes.
Passer domesticus niloticus embryos 22 mm, 24 mm, 27 mm,
31 mm, total body length. This bird belongs to order
Passeriformes.
The embryos were ﬁxed in aqueous Bouin solution, stained
in bulk in borax carmine and counterstained on the slide with
picro-indigocarmine. In addition to the series of transverse sec-
tions of the above embryos, sagittal sections of 15 and 20 mi-
crons thick were also cut for embryos having nearly the same
total body lengths. After investigation of these embryos with
the help of the microscope, the transverse sections of three se-
lected embryos, one appropriate embryo from each bird, were
drawn by the projector with magniﬁcation 30. From the draw-
ings of these sections accurate graphic reconstructions of the
hind region of the basal plate and the neighboring elements
were made.
Results
In the 31 mm embryo of Petrocles, and not before, three pairs
of transitory anlagen of cranial ribs are developed (Fig. 1). The
anlagen of three cranial ribs have made their appearance.
Fig. 1 is a graphic reconstruction of the basal plate and the
neighboring cartilaginous elements of this embryo in a lateral
view. Attached to the latero-ventral surface of the posterior
portion of the basal plate, at the region where it merges with
the occipital arch, are three small triangular protrusions with
the hypoglossal nerve roots. These protrusions are directed
ventro-laterally, with their free blunt tips projecting slightly be-
yond the lateral border of the basal plate (BAS.PL.) and the
occipital arch (O.A.). They are chieﬂy mesenchymatous with
few cartilaginous matrixes. Medially, they are in homocontinu-
ity with their respective occipital hypocentra and accordingly,they are serially homologous with those of the cervical region.
Actually, these protrusions correspond to the cranial segments
7–9 (segmentation according to De Beer and Barrington, 1934)
and thus they deserve to be denoted as cranial ribs (CR.RB.).
Of special importance in this embryo is the fact that the cranial
ribs are in no way connected with the medial or the lateral an-
lage of the metotic cartilage (Fig. 1, M.A.MET.C. &
L.A.MET.C.). The following facts assert such a contention:
(1) No syndesmotic connection of any kind is traced
between the three elements.
(2) The synoptic review of their topographic relations shows
that the medial anlage of the metotic cartilage lies
antero-dorsally to the three cranial ribs and all are quite
distinct from each other. Again, the lateral anlage of the
metotic cartilage is situated latero-dorsally and quite
apart from them by a considerable distance. In addition,
it is worth mentioning that the rib anlagen appear after
the lateral anlage of the metotic cartilage is formed. This
latter is already well established in the 36 mm embryo.
In the 31 mm embryo of Passer two pairs of cranial ribs
have been encountered originating from a typical position as
mentioned in the above investigated birds. Actually these ribs
in Passer correspond to segments 8 & 9 (segmentation accord-
ing to De Beer and Barrington, 1934). However, it is evident
from Fig. 2 that the structure of their cartilaginous matrix is
fairly developed.
It is of importance to point out, here, that in Pterocles and
Passer, the cranial ribs appear synchronously simultaneous
with the development of the medial anlage of the metotic car-
tilage. The cranial ribs show no sort of any connection with
any of these two anlagen.
In Streptopelia, something quite unusual, that seems to be
unique among the described birds, does occur as far as the se-
quence of development of the cranial ribs and the two anlagen
of the metotic cartilage is concerned. In this bird, the lateral
anlage of the metotic cartilage has a prior appearance in the
26 mm embryo from the lateral (Fig. 3) edge of the prominen-
tia semicircularis lateralis. Three transitory anlagen of cranial
Figure 3 Graphic reconstruction of the basal plate and the
adjacent cartilaginous elements of the 28 mm total body length
embryo of Streptopelia Senegalensis aegyptiaca in a ventral view.
Figure 4 Transverse section passing through the occipital region
of the 28 mm total body length embryo of Streptopelia Senegal-
ensis aegyptiaca.
Figure 2 Graphic reconstruction of the basal plate and the
adjacent cartilaginous elements of the 34.5 mm total body length
embryo of Pterocles alchata caudacutus in a lateral view.
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metotic cartilage is laid down and prior to the origination of
the medial anlage of the same cartilage.
Similar to the histological condition described in Pterocles,
the cranial ribs in Streptopelia are chieﬂy mesenchymatous
with few cartilaginous matrixes. The ribs originate from the
ventro-lateral border of the posterior portion of the basal plate
at the region where it merges with the occipital arch (Fig. 4).They are quite apart from the lateral anlage of the metotic car-
tilage. They are ephemeral and they soon disintegrate in the
29.5 mm embryo before the medial anlage is developed. This
latter originates in the 31 mm embryo from the lateral edge
of the basal plate in a position distinctly anterior to that of
the regressed cranial ribs.
Discussion
The recognition of two pairs of cranial ribs in Passer and three
pairs in Pterocles and Streptopelia is a point of particular inter-
est. Undoubtedly, this is strong evidence in favor of the cranial
metameric segmentation. However, in the avian literature,
contradictory interpretations about their exact nature are
met with, and it seems that there is a need for caution when set-
tling a legitimate identiﬁcation for such ribs. Suschkin (1899) is
the ﬁrst to claim the presence of cranial ribs lying between the
myotomes (He means in the myocommata) of the head of
Tinnuculus. Sonies (1907) feels that such an identiﬁcation for
these ribs seems erroneous because of their desmotic nature.
Frank (1954) objected his ﬁnding for the same bird and
corroborates that they appear to be ordinary myocommata
because of two reasons:
1. They have no sign of chondriﬁcation.
2. These myocommata are in no way associated with their
respective occipital hypocentra as would be expected if
they are truly cranial rib anlagen.
The condition found in Anas and Pyromelana fully supports
Sonies’ and Frank’s opinion. For Anas, De Beer and
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intercellular substance is visible in the posterior two pairs’’.
In a young embryo of Pyromelana, Engelbrecht (1958) found
faint traces of intercellular substance between the cells of three
pairs of cranial myocommata. Thus it would seem legitimate to
identify these anlagen as true cranial ribs in these two birds.
In the investigated birds of the present article (Passer,
Streptopelia and Pterocles) cranial ribs having the requested
characters as emphasized by Frank (1954), do exist. They alter-
nate with the hypoglossal nerve roots; chieﬂy mesenchymatous
with few or excess cartilaginous matrixes, and they are associ-
ated with their respective occipital hypocentra. Accordingly,
they should be considered as serially homologous with those
of the cervical region and thus deserve such a nomination.
Similarly in Fulica (Macke, 1969) andmost probably inRhea
(Mu¨ller, 1961), no cranial ribs are formed. Nevertheless, the
present investigation speaks in favor of regarding the cranial
ribs as structures ought to exist at a certain particular stage dur-
ing the craniogenesis of any bird. They have been successfully
traced in all the investigated birds. Perhaps their ephemeral
character makes them difﬁcult to be traced, as some authors
either regard them as ordinary myocommata or not formed at
all. But if the proper stage is obtainable, the cranial ribs inDro-
miceius, Fulica and Rhea might have been encountered.
Of special interest is the fact that the position in which the
cranial ribs are reputed to arise as well as the fact that they ap-
pear rather late rule out any possibility of their having given
rise to the metotic cartilage. In all birds so far known, without
exception, the lateral anlage of the metotic cartilage develops
early. The medial anlage of the same cartilage and the cranial
ribs are simultaneously developed. Only in Streptopelia, the
medial anlage develops after the resorption of the cranial ribs.
This ﬁnding is of real theoretical value since it further invali-
dates De Beer and Barrington’s (1934) and Slaby (1951,
1958) theory that the metotic cartilage in birds is a probable
modiﬁcation of a number of cranial ribs. However, their the-
ory is already contradicted by Crompton (1953), Frank
(1954), Engelbrecht (1958) and Mokhtar (1975).
Evidently, the ultimate fate of the cranial ribs is their rapid
regression due to the reabsorption of their cartilaginous matrix
if present.
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